Multiple sclerosis (MS) is an autoimmune demyelinating disorder developing with higher prevalence in women than men, while accelerated MS progression is evident in men. Mechanisms underlying sexual dimorphism in MS remain unclear. Here, we found that although female and male mice with conditional knockout of p38α in CD11c + cells initially developed attenuated clinical symptoms of experimental autoimmune encephalomyelitis (EAE), an animal model of MS, as has been shown earlier, female mice underwent spontaneous disease progression after day 30 post EAE induction. EAE progression in females was associated with T lymphocyte and macrophage infiltration into the CNS parenchyma. In contrast, male mice with CD11c cell specific p38a deficiency were protected from disease progression as immune cells were trapped within perivascular spaces without entering parenchyma. We identified male-specific p38α signaling in CD11c + CD11b + Iba1 + cells to control immune cell infiltration and progression of autoimmune demyelination. These findings advance our understanding of sex-biased mechanisms in MS relapse and progression and provide new rationale for the development of sex-specific MS therapies.
Abstract
Multiple sclerosis (MS) is an autoimmune demyelinating disorder developing with higher prevalence in women than men, while accelerated MS progression is evident in men. Mechanisms underlying sexual dimorphism in MS remain unclear. Here, we found that although female and male mice with conditional knockout of p38α in CD11c + cells initially developed attenuated clinical symptoms of experimental autoimmune encephalomyelitis (EAE), an animal model of MS, as has been shown earlier, female mice underwent spontaneous disease progression after day 30 post EAE induction. EAE progression in females was associated with T lymphocyte and macrophage infiltration into the CNS parenchyma. In contrast, male mice with CD11c cell specific p38a deficiency were protected from disease progression as immune cells were trapped within perivascular spaces without entering parenchyma. We identified male-specific p38α signaling in CD11c + CD11b + Iba1 + cells to control immune cell infiltration and progression of autoimmune demyelination. These findings advance our understanding of sex-biased mechanisms in MS relapse and progression and provide new rationale for the development of sex-specific MS therapies.
Introduction
MS is an autoimmune demyelinating disorder characterized by chronic inflammation, myelin loss and axonal degeneration affecting young adults. MS displays a dynamic clinical phenotype with the most common appearance as a relapsing-remitting form progressing over time. EAE is the most commonly used animal model of MS. Re-activation of myelin-reactive T cells by antigen presenting cells (APC) within the target organ is essential for EAE relapse and progression (Chastain et al, 2011) . The APC-T cell interaction through CD40-CD40 ligand (CD40LG) and secretion of IL-12 by APC have been shown to mediate re-activation of T helper (T H ) type 1 cells and progression of MS (Balashov et al, 1997) . Recent studies demonstrated the involvement of T H 17 cells in MS relapse and progression (Babaloo et al, 2015; Romme Christensen et al, 2013) .
Dendritic cells (DC), B cells, macrophages and microglia are professional APC that can process and present antigens via major histocompatibility complex-II (MHC-II) molecules to T cells (Chastain et al, 2011; Molnarfi et al, 2013) . In adoptive transfer EAE, CD11c + DC found in the CNS meninges or perivascular sites are able to reactivate myelin-primed T cells causing clinical symptoms of MS (Greter et al, 2005) . CD11c is the integrin alpha X chain protein (encoded by Itgax gene), that is expressed by DC and some macrophages, as DC and macrophages share a common progenitor (Merad et al, 2013) .
Microglia initiate CD11c expression in response to injury. CD11c + microglia are found preceding the onset of EAE clinical symptoms where they constitute 30% of microglia population (Fischer & Reichmann, 2001; Serafini et al, 2000) . The role of CD11c + macrophages and microglia in EAE is unknown.
MS displays a sexual bias and develops with higher prevalence in women, while men demonstrate more rapid disease progression (Gourraud et al, 2012; Voskuhl & Gold, 2012) . Sexual dimorphism in MS has been linked to hormonal, genetic and environmental factors (Li et al, 2017; Voskuhl & Gold, 2012) . Still, signaling pathways and cellular mechanisms regulating MS relapse and progression and sex-specific differences are not well understood.
The p38α MAPK (encoded by Mapk14 gene) is a central regulator of stress and inflammation in multiple cell types (Zarubin & Han, 2005) . Current reports demonstrated that CD11c + DC require p38a to control T H cells differentiation toward T H 17 phenotype to induce and sustain myelin-specific T cell reactivity (Di Mitri et al, 2015; Huang et al, 2012) . Knockout of p38a in CD11c + DC, results in a significant reduction of EAE clinical symptoms (Huang et al, 2012; Krementsov et al, 2014) . A sexdependent role of p38α signaling in myeloid cells has been demonstrated, where pharmacological inhibition or myeloid cell knockout of p38α reduce EAE clinical symptoms and inflammation in female but not male mice (Krementsov et al, 2014) . The role of p38a in MS relapse and progression is unknown.
Immunization of C57BL/6 mice with myelin oligodendrocyte glycoprotein ) induces a chronic-progressive form of EAE where slight remission after the peak is followed by relapse transitioning into chronic EAE without noticeable sexual differences (Chechneva et al, 2011; Rahn et al, 2014) . Here we report that while initially protected from MOG-induced autoimmune demyelination, female mice with CD11c promoter-driven conditional knockout of p38α in CD11c + cells (p38α ΔCD11c ) develop spontaneous EAE progression in contrast to p38α ΔCD11c males. EAE progression in females was associated with CNS infiltration of T cells and macrophages. We identified CD11c + CD11b + Iba1 + cells to control immune cell infiltration and EAE progression through p38α signaling in males.
Results

Knockout of p38α in CD11c + cells prevents EAE progression in male mice
p38α MAPK in CD11c + cells controls generation of myelin-specific T H 17 cells involved in the development of severe EAE. The role of p38α MAPK in EAE progression is unknown. We induced EAE by MOG immunization in male and female p38α ΔCD11c mice and p38α fl/fl controls. p38α fl/fl mice developed instant severe EAE with no sex-dependent differences during disease course ( Fig. 1A , Table   1 ). Both, male and female p38α ΔCD11c mice initially displayed attenuated EAE clinical symptoms compared to controls ( Fig. 1A , Table 1 ), as has been reported earlier (Huang et al, 2012; Krementsov et al, 2014) . However, at day 30-35 post immunization, 72% of p38α ΔCD11c females developed spontaneous clinical relapse and progression ( Fig. 1A , Table 1 ). We investigated the pathology of relapse and progression in p38α ΔCD11c female compared to p38α ΔCD11c male mice. Histological analysis using H&E and LFB & Cresyl Violet revealed increased infiltration and demyelination in the ventral, dorsal and lateral lumbar spinal cord of p38α ΔCD11c females compared to males ( Fig. 1B , C, E).
Infiltration and myelin loss were confirmed by DAPI nuclear marker and MBP staining ( Fig. 1D ). We conclude that in males EAE relapse and progression is dependent on p38α MAPK signaling in CD11c + cells.
Knockout of p38α in CD11c + cells in males prevents CNS infiltration of T cells and macrophages
Damage to oligodendrocytes in autoimmune demyelination is initiated by infiltrating effector cells, such as myelin-specific T cells (Gold et al, 2006) and macrophages (Ajami et al, 2011) . We found an increased number of CD4 + T cells in the lumbar spinal cord parenchyma of female p38α ΔCD11c mice compared to males ( Fig. 2A-B ). In females, CD4 + cells were scattered throughout the entire white matter parenchyma ( Fig. 2B, enlargement) . In contrast, in p38α ΔCD11c males, CD4 + T cells were found in perivascular clusters ( Fig. 2A, enlargement) . Single CD4 + cells were still detected within the parenchyma in males ( Fig. 2A, enlargement ). FACS and PCR analysis of lumbar spinal cord revealed no significant differences in protein expression and mRNA level of CD4 and CD8a ( Fig. 2D-F) . T H 1 and T H 17 CD4 + cells are involved in MS and EAE and express INF-γ and IL-17, respectively (Babaloo et al, 2015; Balashov et al, 1997; Romme Christensen et al, 2013) . We found an increased level of INF-γ mRNA in the lumbar spinal cord of female mice (Fig. 2G ). The level of IL-17a mRNA was not significantly elevated in females compared to males ( Fig. 2G ).
Generation of T H 1 and T H 17
CD4 + cells is controlled by APC-derived cytokines. Increase in transcription level of IL-12b (also known as IL-12p40) , a driver of T H 1 cells differentiation (Balashov et al, 1997) , was found in the lumbar spinal cords of female mice at EAE progression ( Fig. 2H ). No differences in transcription levels of IL-6, a cytokine promoting generation of T H 17 cells (Heink et al, 2017) , were found between female and male mice ( Fig. 2I ). Our data indicate that p38α in CD11c + cells alters T cell invasion into the parenchyma in males.
Next, we used immunohistochemistry to characterize the pattern of infiltration in p38α ΔCD11c female and male mice. In males, we found Iba1 + or lectin + macrophages localized and clustered along perivascular spaces and meninges ( Fig. 3A , C). However, in females, macrophages/reactive microglia were scattered throughout the entire white matter (Fig. 3B, D) . Analysis of CD45 expression confirmed reduced immune cell infiltration in males compared to females ( Fig. 3E-F ). Ramified Iba1 + microglia were morphologically distinguishable in males, compared to Iba1 + macrophages/reactive microglia found in females. Upregulation of CD45 and CD11b (Itgam gene) mRNA was found in the spinal cords of p38α ΔCD11c females ( Fig. 3G-H) . Our data show that macrophage infiltration contributes to EAE relapse and progression and is dependent on p38α signaling in CD11c + cells only in males.
CD11c + CD11b + Iba1 + cells are involved in EAE progression in p38α ΔCD11c females
We next examined the presence and distribution of CD11c + cells in EAE spinal cords of p38α ΔCD11c male and female mice. Commercially available antibodies were not able to detect CD11c + cells by immunohistochemistry, likely due to low expression of CD11c in migrating and activated DC (Merad et al, 2013; Prodinger et al, 2011) . Our transgenic mice express eGFP under the CD11c promoter, therefore, we used eGFP expression to track CD11c + cells in EAE spinal cords. In males, we found eGFP + cells clustered at the meninges and perivascular spaces (Fig. 4A ). These cells strongly expressed macrophage/microglia marker CD11b. Some eGFP + reactive microglia with intermediate expression of CD11b ( Fig. 4A , arrow) and eGFP + CD11b + cells with morphology of DC (referred to as DC-like CD11c + microglia; Fig. 4A , arrowhead) were found within the spinal cord parenchyma in p38α ΔCD11c males. In females, eGFP + CD11b + cells with macrophage/reactive microglia morphology were found in the perivascular spaces and within the spinal cord parenchyma (Fig. 4B ). To differentiate DC from macrophages, we co-stained eGFP + cells with macrophage/microglia marker Iba1. We found that most of the eGFP + microglia in males and eGFP + macrophages/reactive microglia in females expressed Iba1 ( Fig. 4C-D) . A higher level of CD11c mRNA was detected in the lumbar spinal cords of p38α ΔCD11c females ( Fig. 4E ), indicating an increase in CD11c + cell number. Our data suggest that (i) CD11c + CD11b + Iba1 + cells control CNS immune cells infiltration in EAE progression and (ii) their function is dependent on p38α signaling in males.
Macrophages/reactive microglia upregulate CD40 and MHC-II in p38α ΔCD11c female mice
Interaction of co-stimulatory molecule CD40 on APC with CD40LG on T cells regulates release of IL-12 by APC (Yanagawa & Onoe, 2006) , T cell reactivation and EAE progression (Becher et al, 2001) .
Moreover, increase in CD40LG is found in patients with progressive form of MS (Balashov et al, 1997 ). Analysis of mRNA transcription level of CD40LG in the lumbar spinal cord showed no significant differences between p38α ΔCD11c females and males at EAE progression ( Fig. 5A ). Next, we questioned whether lack of p38α in CD11c + cells alters the expression of CD40. The mRNA level of CD40 was significantly increased in female mice (Fig. 5B) . Notably, CD40 protein expression was dramatically upregulated and found in perivascular macrophages and parenchymal macrophages/reactive microglia throughout the entire spinal cord in females ( Fig. 5E-F ). In males, expression of CD40 was evident in clustered perivascular and meningeal macrophages ( Fig. 5C-D ).
Low CD40 expression was found in the parenchyma, in association with ramified microglia.
We next examined the effect of p38α knockout on MHC-II expression in CD11c + cells. In males, most of MHC-II + cells were localized to the perivascular spaces where we found eGFP + MHC-II + Iba1 + and eGFP -MHC-II + Iba1 + macrophages ( Fig. 5G ) and eGFP + MHC-II + Iba1 -DC ( Fig. 5G , arrow). Low expression of MHC-II was found in eGFP + Iba1 + microglia ( Fig. 5G ) and DC-like CD11c + microglia ( Fig. 5G, asterisk) . In males, we also identified eGFP + Iba1 + microglia that were MHC-II - (Fig. 5G , pound) and eGFP + cells lacking expression of Iba1 and MHC-II ( Fig. 5G, arrowhead) . MHC-II expression was increased in females, where most of the eGFP + Iba1 + cells co-expressed MHC-II and were present in the perivascular spaces and parenchyma ( Fig. 5H ). Our data indicate that lack of p38α does not alter expression of CD40 or MHC-II in CD11c + cells and increase in CD40 and MHC-II expression in p38α ΔCD11c females is caused by increase in macrophage infiltration and microglia reactivity.
Astrocyte-derived OPN and CCL2 mediate EAE progression in p38α ΔCD11c females
OPN has been shown to enhance T cell survival, immune cell infiltration and EAE relapse and progression (Hur et al, 2007) . We found increased OPN (Spp1 gene) expression in p38α ΔCD11c females compared to males ( Fig. 6A -C). We next examined the cellular origin of OPN in male and female lumbar spinal cords. We used lectin to label infiltrating macrophages, microglia and vascular endothelium. We found that in male ( Fig. 6D ) and female ( Fig. 6E ) lumbar spinal cords, OPN expression was preferentially localized to GFAP + astrocytes. Hypertrophic, reactive astrocytes were apparent in p38α ΔCD11c females. Interestingly, OPN + cells with morphology of oligodendrocyte precursor cells were present in the spinal cords of p38α ΔCD11c male mice (Fig. 6D, arrows) . Astrocytederived CCL2 is required for macrophage trafficking into the CNS parenchyma (Kim et al, 2014; Moreno et al, 2014) . We found increase in CCL2 protein expression in reactive astrocytes in females vs males ( Fig. 6 F-G). Significant increase in CCL2 mRNA in the lumbar spinal cords of p38α ΔCD11c females compared to males was observed ( Fig. 6H ). No significant differences in the transcription level of CCR2, a CCL2 chemokine receptor expressed in infiltrating macrophages (Ajami et al, 2011) , were found ( Fig. 6I ). Our data suggest that p38α signaling in CD11c + cells is involved in astrocytecontrolled CNS infiltration, but only in males.
Discussion
The mechanism of MS relapse and progression and its sexual bias remain poorly understood. Here we report that, although protected at the initial phase of disease, female mice lacking p38α in CD11c + cells developed spontaneous relapse and progression of EAE clinical symptoms in contrast to male cohorts that remained protected. Protection in p38α ΔCD11c males was due to the failure of T cells and macrophages to enter CNS parenchyma.
Reactivation of myelin-reactive T cells by APC is required to recognize their target and permit CNS parenchymal entry (Larochelle et al, 2011) . T cell reactivation takes place in perivascular spaces, from where activated cells cross the endothelial basement membrane and glial limitans, a layer formed by astrocyte end-feet, to enter CNS parenchyma (Owens et al, 2008) . We found that disease progression in p38α ΔCD11c females concurred with active invasion of CD4 + T cells and macrophages into the spinal cord parenchyma. In contrast, in p38α ΔCD11c males, T cells and macrophages clustered along perivascular spaces with limited parenchymal presence of T cells. Based on morphology, only few macrophages were found in the spinal cord parenchyma in males. Our findings indicate that during EAE progression CD11c + cells control immune cell infiltration into the CNS parenchyma and in males, it involves p38α signaling.
There are three CD11c + cell populations that can be responsible for immune cell CNS trafficking at EAE progression: (i) DC, (ii) macrophages, (iii) microglia. Greter et al. reported that perivascular CD11c + DC are indispensable for CNS immune cell invasion and require MHC-II expression to induce EAE clinical symptoms (Greter et al, 2005) . We found that most of the CD11c + cells in the perivascular spaces in p38α ΔCD11c males and females and in the spinal cord parenchyma in p38α ΔCD11c females co-expressed macrophage/microglia markers CD11b and Iba1 and identified them as macrophages. Myeloid DC co-express CD11b and infiltrate CNS parenchyma during EAE (Dogan et al, 2008) . Expression of Iba1 by myeloid DC has not been reported.
Importantly, only a subset of CD11b + Iba1 + macrophages co-expressed CD11c. CD11c expression in macrophages is linked to pro-inflammatory M1 phenotype (Wentworth et al, 2010) . Macrophage infiltration induces exacerbation of EAE clinical symptoms (Ajami et al, 2011; Dogan et al, 2008) and therapeutic depletion of macrophages was shown to inhibit lymphocyte CNS invasion (Moreno et al, 2016) , specifically their ability to cross the glial limitans (Tran et al, 1998) .
Notably, CD11c + CD11b + Iba1 + macrophages were found in sciatic nerve inflammatory infiltrated before the onset and at the peak of experimental autoimmune neuritis (Pashenkov et al, 2000) . These evidences suggest that CD11c + CD11b + Iba1 + macrophage subtype, is critical in CNS infiltration during EAE progression.
In females, CD11c + reactive microglia were morphologically indistinguishable from macrophages. In males, we found CD11c + CD11b + Iba1 + microglia with DC phenotype in addition to CD11c + CD11b + Iba1 + partially activated and CD11c + CD11b + Iba1 + ramified microglia. The origin of DC-like CD11c + microglia and whether they are key regulators of CNS infiltration and EAE progression remain unclear. Microglia originate from the yolk sac during embryonic development and maintain their population by self-renewal throughout life (Alliot et al, 1999; Huang et al, 2018) . The presence of CNS-derived DC-like CD11c + microglia was reported in the spinal cord, brain and optic nerve parenchyma in healthy mice expressing GFP under the control of CD11c promoter (Prodinger et al, 2011) . We could detect a low expression of MHC-II in DC-like CD11c + microglia that suggests a possible role in reactivating perivascular myelin-reactive T cells in vivo. However, it has been shown that CNS specific MHC-II knockout fails to protect mice from adoptive transfer EAE (Greter et al, 2005) , pointing toward an antigen presentation-independent function of CD11c + DC-like microglia in EAE. Indeed, Prodinger et al. showed that in the healthy CNS, processes of DC-like CD11c + microglia localize in close proximity to glial limitans, suggesting their role in astrocyte glial limitans organization (Prodinger et al, 2011) . Noteworthy, in female mice in EAE progression, we found hypertrophic reactive astrocytes to strongly express OPN, that is also upregulated in the plasma of MS patients before relapse (Vogt et al, 2004) and implicated in macrophage infiltration (Bruemmer et al, 2003; Giachelli et al, 1998) , T cell survival and worsening of EAE clinical symptoms (Hur et al, 2007) .
Female reactive astrocytes also overexpressed CCL2, a macrophage attracting chemokine (Kim et al, 2014; Moreno et al, 2014) . The interaction of DC-like CD11c + microglia with astrocytes and CNS immune cell trafficking need to be further investigated. Regular microglia with ramified or partially activated phenotype in males and activated microglia in females expressed CD11c and need to be viewed as an additional candidate to control CNS immune cell infiltration and EAE progression.
Interaction of CD40 on APC with CD40LG on T cells is critical for T cell reactivation (Becher et al, 2001 ) involving p38 MAPK signaling (Yanagawa & Onoe, 2006) . A sex-dependent role of this interaction is linked to the CD40LG gene which is located on the X-chromosome (Wang et al, 2016) .
We found no differences in CD40LG mRNA between males and females during EAE progression. In females, increased expression of CD40 was associated with infiltrating macrophages/reactive microglia. In males, CD40 + perivascular macrophages and parenchymal microglia were present without causing disease exacerbation. These findings suggest that lack of p38α in CD11c + cells does not alter the expression of CD40LG or CD40. However, whether it alters CD40-CD40LG interaction is still unknown.
p38 MAPK signaling is involved in sex-biased immune response. In microglia, p38α signaling was identified as a cause of neuropathic and inflammatory pain in male but not female mice and rats with chronic constriction injury (Taves et al, 2016) . MAPK-activated kinase 2, a substrate for p38 MAPK, was found to regulate osteoclastogenesis only in males (Herbert et al, 2015) . Testosterone-dependent increase in p38 phosphorylation in splenic and peritoneal macrophages was found in male mice after trauma-hemorrhage (Angele et al, 2003) . Interestingly, pharmacological inhibition of p38 signaling and knockout of p38α in LyzM + myeloid cells (p38α ΔLyzM ), that include monocytes, macrophages and granulocytes, was effective to reduce EAE clinical symptoms at the acute phase in females but not males (Krementsov et al, 2014) . Here we showed that only in male mice knockout of p38α in CD11c + cells, including DC, macrophages and microglia, was effective to reduce CNS immune cell infiltration and EAE progression. Notably, the degree of immune cell activation defined by EAE induction model may alter the cell-specific role of p38α signaling. MOG-PTX used in our study causes severe EAE.
Neuroprotection in p38α ΔLyzM females was observed in a PTX-free (2xMOG) model with less severe disease outcome, whereas in MOG-PTX model, neuroprotection was not evident in p38α ΔLyzM females (Krementsov et al, 2014) . Furthermore, the cell-specific role of p38α at the acute EAE phase, compared to relapse/progression developing on the base of chronic inflammation are likely distinct. In support, a pro-inflammatory and anti-inflammatory role of p38α in dermal macrophages was demonstrated in chronic and acute, respectively, skin injury (Kim et al, 2008) . Moreover, neurons have been shown to upregulate LyzM expression in neurodegenerative conditions (Orthgiess et al, 2016) . The sex-dependent role of p38α in neurons has not been investigated so far.
For more than a decade, p38α signaling has been viewed as an attractive target to treat auto-immune and inflammatory disorders (Herlaar & Brown, 1999) with an emerged role in MS. Yet, many p38
MAPK inhibitors failed to fulfill their expectations in clinic, possibly due to diverse functions of p38α kinase depending on the cell type, nature of stimulatory factor (Angele et al, 2003; Krementsov et al, 2013) , together with possible cell-specific epigenetic regulation (Kaminska et al, 2016) and the effect of gut bacteria metabolites (Haghikia et al, 2015) . Here we showed, that p38α signaling in CD11c + cells is involved in immune cell infiltration and progression of autoimmune demyelination in males. In females, parenchymal entry of immune cells and EAE progression are p38α independent, and rely on an alternative signaling pathway, where NF-κB can be suggested as a possible candidate (Yanagawa & Onoe, 2006) . These findings advance our understanding of sex-biased mechanisms of EAE relapse and progression and provide rationale to the development of sex-specific therapeutic strategies for MS.
Materials and Methods
Animals
Mice carrying the p38α floxed allele [B6.129-Mapk14<tm1.2Otsu.] were crossed with mice expressing
Cre recombinase under the CD11c promoter (C57BL/6J-Tg(Itgax-cre-EGFP)4097Ach/J, JAX stock #007567). The offspring were genotyped for the presence of p38α floxed allele and Cre insert as described earlier (Lo et al, 2014) . Mice homozygous for the p38α floxed allele were classified into male and female p38α ΔCD11c (Cre-positive) and p38α fl/fl (Cre-negative). Mice were maintained in accordance to the NIH Guide for the Care and Use of Laboratory Animals. Experimental protocols were approved by the Institutional Animal Care and Use Committee at the University of California, Davis.
EAE induction
EAE was induced in p38α CD11c and p38α fl/fl mice of both sexes at the age of 9-12 weeks as described earlier (Chechneva et al, 2011) . In brief, mice were injected subcutaneously at two flank sites with an emulsion of 300 μg of MOG 
Histology and pathological scoring
Histological analysis was performed as described earlier (Chechneva et al, 2011 collected in the interval of 180 µm were scored by blinded investigator for infiltration and demyelination as previously described (Shi et al, 2011) .
Immunohistochemistry
For immunostaining, sections were washed with PBS to remove excess of cryoprotectant. Nonspecific binding of antibodies was blocked using 10% normal serum in 0.1% Triton-X in PBS. Samples were then incubated with rat anti-MBP (myelin basic protein; 1:5; Millipore MAB395), rabbit anti-Iba1 
FACS analysis
Mice were transcardially perfused with ice-cold PBS. Brains and spinal cords were dissected and placed in ice-cold HBSS (Hank's Balanced Salt Solution) supplemented with 2 mg/ml collagenase D (Roche) and 100 U/ml DNAse I (Worthington). For single cell suspension, tissue was chopped into ~1 mm 3 pieces on ice and incubated shaking at 100 rpm at 37 °C with 5% CO 2 for 20 min. After passing through a 100 µm cell strainer (Spectrum) on ice, cells were collected at 400 x g for 10 min at 4°C.
Leukocytes were separated by 40%/70% Percoll gradient, washed in PBS, resuspended in FACS buffer (PBS plus 1% BSA and 0.1% sodium azide), and stained with fluorophore-conjugated CD4 (1:100, clone GK 1.5, Biolegend), CD8 (1:100, clone 53-6.7, BD Pharmingen) and isotype controls. Cells were analyzed on Attune NxT Acoustic Focusing Cytometer (Life Technologies). Isotype and autofluorescence controls were examined for each assay. Acquired data were subsequently analyzed using FlowJo software (Treestar).
RNA isolation and qPCR
mRNA levels of cellular markers and cytokines in the spinal cord tissue during EAE progression were examined using qPCR as described earlier (Chechneva et al, 2011 p38α fl/fl males 41 11.2 ± 0.2 4.2 ± 0.1 *** 3.2 ± 0.2 *** 3.4 ± 0.2 *** 3.9 ±0.1 *** 25.9 ± 1.8 *** 3.7 ± 0.2 *** 90.2%
Data represent the mean ± s.e.m. *P<0.05, **P<0.01, ***P<0.001, comparing between same sex p38α fl/fl and p38α ΔCD11c mice. ## P<0.01, comparing between females and males of same genotype (One-way ANOVA with Tukey's post hoc). 
